Studies examining the relationship between insight and cognition in psychosis have shown small-moderate associations of good insight with both intact frontal-executive functioning and general intellectual abilities. [1] [2] [3] In terms of insight and brain structure, findings suggest an association between poor insight and reduced total brain volume, 4 ,5 ventricular enlargement, 6 frontal lobe atrophy, 7 reduced frontal lobe volume 3, 8, 9 and grey matter deficits in the cingulate gyrus, 9, 10 temporal lobe, 9-11 parietal lobe 11 and precuneus. 11 There is, however, some inconsistency in these findings including cross-study variation in brain location-insight correlates and in some instances a failure to identify any brain deficits associated with poor insight. [12] [13] [14] Table 1 summarises brain structure-insight findings. This inconsistency could arise from the complex nature of insight, which is now regarded as a construct with several overlapping dimensions, 15 the analysis of which may be further complicated by the use of varying insight assessment methods. A systematic review 1 and a meta-analysis 2 have found the ability to identify and attribute the symptoms of psychosis as pathological (symptom relabelling) to be the insight component most closely related to neuropsychological function. In this study we conducted a voxel-based magnetic resonance imaging (MRI) examination of individuals with first-onset psychosis combined with an analysis of cognitive function and hypothesised that neurocognitive deficits would be more closely associated with the capacity to relabel psychotic symptoms as psychopathological rather than a global measure of insight. On the basis of evidence from previous structural neuroimaging 7, 9 and neuropsychological studies 1,2 of insight, we further hypothesised that the focal point of those deficits would involve a frontal cortical system.
Method Sample
Participants were recruited from a sample of inner-city South London residents enrolled in an epidemiological study of first-onset psychosis (AESOP: Aetiology and Ethnicity in Schizophrenia and Other Psychoses). Details of the AESOP study and the overall methodology have previously been reported. 16 Insight data were acquired from 137 AESOP study participants. Inclusion criteria for the insight and neurocognition analysis were: age 16-65 years; resident in defined area; presenting consecutively for the first time to local psychiatric services (in-patient and outpatient) between 1997-2000 with symptoms meeting criteria for a functional psychotic illness (ICD-10: 10-19; F20-29; F30-39; psychotic codings) 17 based on the Schedules for Clinical Assessment in Neuropsychiatry (SCAN) 18 interview. Exclusion criteria were: head trauma history with 41 h unconsciousness; central nervous system disease; poor English fluency; transient psychotic symptoms resulting from acute intoxication (F1x.0, ICD-10) following consumption of a psychoactive substance.
All 137 participants for whom insight data were acquired were asked to have an MRI scan. Thirty-four people refused and four could not be scanned due to safety/medical reasons (e.g. pregnancy). A total of 99 participants gave informed consent and were subsequently scanned. Scan data for 15 of the participants were unusable as a result of poor image acquisition/ motion artefact. A further two scans were excluded after detection of gross brain abnormalities: in one case evidence of significant hydrocephalus and in the other a large frontally located subarachnoid cyst. Thus there were 82 (60%) individuals in the psychosis group who were included in the analysis. These 82 participants had recently presented to psychiatric services for the first time in their lives. Of these, 77 were admitted to hospital at this first presentation, 53 (64.6%) as compulsory patients. Details of their clinical status including medication history are shown in Table 2 .
A total of 91 controls were recruited from the same community, using the same exclusion criteria. Evidence of past or present psychosis screened with the Psychosis Screening Questionnaire 19 was an additional exclusion criterion. We excluded eight MRI control scans (motion artefact, n = 7; 
Aims
Focusing on the ability to relabel psychotic symptoms as pathological, we examined insight, brain structure and neurocognition in first-onset psychosis.
Method
Voxel-based magnetic resonance imaging data were acquired from 82 individuals with psychosis and 91 controls assessed with a brief neuropsychological test battery. Insight was measured using the Schedule for the Assessment of Insight.
Results
The principal analysis showed reduced general neuropsychological function was linked to poor symptom relabelling ability. A subsequent between-psychosis group analysis found those with no symptom relabelling ability had significant global and regional grey matter deficits primarily located at the posterior cingulate gyrus and right precuneus/ cuneus.
Conclusions
The cingulate gyrus (as part of a midline cortical system) along with right hemisphere regions may be involved in illness and symptom self-appraisal in first-onset psychosis.
Declaration of interest None. suspected hydrocephalus, n = 1). As insight-cognition associations cannot be derived from a non-clinical sample, the purpose of including healthy controls was to compare global grey matter volume, ventricular volume and general intellectual functioning (measured with the National Adult Reading Test (NART)) 20 with the psychosis group. A detailed MRI analysis comparing AESOP patient-control brain structure has been reported earlier. 21 
Assessments

Clinical assessments
Individuals in the psychosis group were interviewed using the SCAN. We made ICD-10 diagnoses in consensus meetings with senior clinicians (R.M.M. or J.L.), using SCAN information and clinical notes. Total symptomatology was scored using an algorithm that summed the SCAN's individual item scores. 22 
Insight
Insight ratings were made from semi-structured interviews using the Schedule for the Assessment of Insight -Expanded version (SAI-E). 23 The SAI-E is an 11-item semi-structured interview that allows for the measure of symptom relabelling, overall illness awareness and treatment adherence. Symptom relabelling ratings are based on two items relating to: awareness of most prominent psychotic symptoms; and explanation of the presence of each prominent symptom. For both items the response for each symptom was scored between 0 (complete lack of awareness) and 4 (full awareness). The individual symptom ratings were averaged yielding a score between 0-4. The two item scores were combined so that the maximum possible (full) symptom relabelling score is 8.
A principal components factor analysis (with varimax rotation) of the insight data yielded three factors that accounted for 66.5% of the variance (lowest eigenvalue 1.05). 24 This finding corresponds directly with the three-component model of insight described above. Ratings of total insight consist of the combined SAI-E scores (items 1-11).
Interrater reliability
Only SCAN-trained researchers administered the SAI-E interviews. Two measures were implemented to ensure good interrater reliability. First, one-to-one SAI-E training sessions were conducted. Second, all SAI-E interviewers scored a battery of 16 completed interviews prepared specifically to assess interrater reliability. These schedules are reproductions of real interviews with a verbatim record of the individuals' responses and the scoring sections left blank. Intraclass correlation coefficients for the total SAI-E scores between the raters ranged from 0.92 to 0.98 (P50.001).
Cognitive tests
The psychosis group completed a cognitive test battery of selected items to assess premorbid intelligence, current IQ, psychomotor speed, spatial ability, verbal fluency, set shifting, auditory working memory, verbal and non-verbal memory (Table 3) . Trained researchers administered the battery and scored the assessments (masked to SAI-E scores). The control group completed the NART. 20 Structural magnetic resonance image acquisition and processing
Scans were acquired with a GE Signa 1.5-T system, at the Maudsley Hospital, London. Contiguous, interleaved protondensity and T 2 -weighted 3 mm thick coronal plane dual-echo images were acquired, providing whole brain coverage: repetition time (TR) = 4000 ms and effective echo times of 20 ms and 85 ms were used with 8-echo train length. Matrix size was 2566192, collected from a rectangular field-of-view of 22 cm616.5 cm, giving an in-plane resolution of 0.859 mm. Total acquisition time was 10 min, 12 s.
Segmentation and registration methods for each fast-spin echo data-set are described in detail elsewhere. 32, 33 Briefly, participant masks were generated to identify neural tissue. Extra-cerebral tissues were removed initially, using an automated algorithm. Manually editing the skull-stripped images was necessary only to remove brainstem and cerebellum from the cerebral hemispheres and diencephalon. The probability of each intracerebral voxel belonging to each of four possible tissue classes (grey matter, white matter, cerebrospinal fluid (CSF) or dura/vasculature) was estimated with a modified fuzzy clustering algorithm. 33 This type of segmentation assigns for each voxel a value in the range 0-1 indicating the fraction of the voxel comprised by each tissue type (e.g. a grey matter value of 0.7 means 70% of tissue represented by that voxel is grey matter; therefore the value indicates the proportion of the voxel occupied by grey matter). Total grey tissue volume was calculated at this stage of the analysis.
The construction of the sample's template image is described elsewhere. 21 In summary, a template image was constructed using the AFNI (Analysis of Functional Neuroimages) Unix-based program developed at the Medical College of Wisconsin (www.biophysics.mcw.edu), from 6 proton-density images acquired from six healthy, controls and then averaging these images.
Ventricular volume
Additional masks were generated per participant by tracing around the lateral and third ventricles in native space, in every slice in which they were visible. Tracing was performed masked to age, gender and clinical status. Within the masked area, CSF volume was calculated using the data generated from the previously described modified fuzzy clustering algorithm.
Statistical analysis
Psychosis group v. control group A between-group ANCOVA (controlling for age) comparing the psychosis group and the control group was performed to evaluate whether the whole psychosis group (irrespective of insight levels) was characterised by deficits in total grey matter volume, excess ventricular volume and poor general intellectual functioning.
Insight, global grey matter and ventricular volume
Total tissue volumes were generated prior to the registration of the images into standard space. We calculated correlation coefficients (age partialled) to investigate total grey matter volume and ventricular volume associations (controlling for whole brain volume) with the measures of symptom relabelling and total insight within the whole psychosis group sample.
Insight and regional grey matter volume
Within-group analyses of associations between insight scores and regional grey matter volume were estimated by fitting an ANCOVA model at each intracerebral voxel in standard space covarying for age and total grey matter volume. Permutation testing was used to assess statistical significance and regional relationships were tested at voxel cluster level. 32 Given that structural brain changes are likely to extend over a number of contiguous voxels, test statistics incorporating spatial information, such as three-dimensional (3D) cluster mass (the sum of suprathreshold voxel statistics), are generally more powerful than other possible test statistics informed only by single voxel data. We set the statistical threshold for cluster significance in all analyses so that the expected number of false-positive clusters (P-value6 number of tests) was 51 false positive.
Insight and cognitive function
We calculated correlation coefficients (age partialled) to investigate associations of performance on each of the cognitive takes with the obtained measures of insight within the whole psychosis group sample.
Analysis of symptom relabelling
Additional between-group analyses comparing the psychosis group with no symptom relabelling ability to those with at least partial symptom relabelling ability were performed. These analyses examined between-group differences in total grey matter volume, ventricular volume, regional grey matter volume and cognitive test performance using ANCOVA (age partialled). The procedure for analysis of regional differences in grey matter volume was carried out by fitting an ANCOVA model at each intracerebral voxel in standard space and conducting permutation testing as described above for the within-group analysis.
Linear regression was performed to estimate the extent to which the structural brain abnormalities and/or cognitive differences identified in the series of ANCOVAs described above contributed to the variance in ratings for symptom relabelling. These regression analyses controlled for the potentially confounding factors of age and total grey matter volume.
The SPSS (Version 14.0 for Windows) was used to carry out the statistical tests. All participants gave their informed consent to take part in the study. Ethical approval for the study was granted by the South London and Maudsley NHS Trust.
Results
Psychosis group v. control group
The participants in the psychosis group were significantly older than those in the control group ( Table 2) .
Within-psychois group analysis: insight, global grey matter, regional grey matter and ventricular volume
There were not significant correlations between symptom relabelling scores and volumetric measures for total grey matter, regional grey matter or lateral ventricular volume. Similarly, there were no significant associations between scores for total insight and the same neuroanatomical measures. There was, however, a correlation between lower total insight ratings and reduced total grey matter volume (age partialled) that reached borderline significance (r = 0.23, P = 0.06).
Insight and cognitive function (correlations -age partialled)
Reduced symptom relabelling correlated significantly with poorer: NART IQ (r = 0.27, P = 0.03); full-scale IQ (FSIQ) (r = 0.33, P = 0.01); performance IQ (PIQ) (r = 0.36, P50.01); verbal learning (r = 0.30, P = 0.02); and Trails A speed (r = 70.25, P = 0.04). Reduced total insight correlated significantly with poorer: NART IQ (r = 0.32, P = 0.02), FSIQ (r = 0.27, P = 0.02); PIQ (r = 0.35, P50.01); verbal learning (r = 0.46, P50.001); and Letter-Number Span (LNS)-Working memory (r = 0.32, P = 0.02). After adjusting with Bonferroni correction for multiple comparisons only the following correlations remained significant: symptom relabelling with PIQ; total insight with PIQ; and total insight with verbal learning.
Between-psychosis group analysis
An analysis of the obtained insight scores revealed that 20/82 (24.4%) of the psychosis group (the first quartile) scored zero on the symptom relabelling component of insight (Fig. 1) . We considered that neurocognitive deficts may be most evident in those individuals where there is a total absence of any capacity to question the presence of psychotic symptoms as pathological. Therefore, a between-group analysis of the 20 participants with no symptom relabelling ability and the 62 participants with at least some symptom relabelling ability was performed to compare global and regional grey matter volume, ventricular volume and cognitive performance. Chi-squared tests and independent samples t-tests revealed no significant between-group differences for gender, total symptoms, diagnosis (schizophrenia v. other psychosis), years of education and handedness. The mean age of the no symptom relabelling ability subgroup was higher than that of the subgroup with at least some symptom relabelling scores (30.6 v. 26.0 years, t = -2.41, d.f. = 80, P = 0.02). The distribution of scores for total insight was not comparable with that of symptom relabelling, i.e. no participants scored 51 for total insight, therefore a similar post hoc analysis for total insight was not performed.
Symptom relabelling between-group analysis: global grey matter, regional grey matter and ventricular volume
Total grey tissue volume in the no symptom relabelling subgroup was 6.7% lower than in the subgroup with at least some symptom relabelling ablity (ANCOVA controlling for age: F = 6.77, d.f. = 78, P = 0.01). A significant reduction in grey tissue volume was identified in the no symptom relabelling subgroup in the following five spatially extensive 3D voxel clusters: There were no significant between-group differences in ventricular volumes (Tables 4 and 5 and online Fig. DS1 ). To examine the potential effect of IQ on the between-group differences in regional grey matter volumes, a further ANCOVA was conducted controlling for FSIQ. In this additional analysis, the between-group differences in all five regions described above remained significant (P50.001).
Symptom relabelling between-group analysis: cognition
The ANCOVA (controlling for age) showed that the subgrop with no symptom relabelling ability scored significantly lower than those with some symptom relabelling ability on FSIQ (F = There were no other significant differences for cognitive performance (Table 4) .
A stepwise linear regression controlling for diagnostic status revealed significant effects for right hemisphere cuneus grey matter deficits and PIQ scores accounting for 31% of the variance in symptom relabelling (R 2 = 0.30, P50.001). Reduced grey matter in those clusters and lower PIQ scores were associated with lower symptom relabelling scores. No other factors were associated with symptom relabelling. The beta (standardised) coefficients indicate right hemisphere grey matter cuneus deficits (b = 0.413, P50.001) are more predictive of poor symptom relabelling than lower PIQ scores (b = 0.274, P50.01) ( Tables 4  and 5 and online Fig. DS1 ).
Discussion
Psychosis group v. control group
The psychosis group-control group comparisons indicated global grey matter deficits, ventricular enlargement and lower general intellectual functioning in the group with psychosis. These structural and functional abnormalities are consistent with the findings of several cognitive and MRI studies of individuals with first-episode, intermediate and chronic psychosis. 34, 35 Within-psychosis group analysis of insight Contrary to our predictions, the main analyses of symptom relabelling across the whole range of scores found no significant associations with structural brain measures, although a correlation between global grey matter volume and total insight scores that approached statistical significance (P = 0.06) was identified. As expected and also in agreement with previous findings, 1,2 the analysis of cognitive performance provided evidence that both symptom relabelling and insight in general are at least partly dependent on good overall cognitive function.
Between-psychosis group analysis of insight
Scrutiny of the insight scale revealed that there was a bimodal distribution of scores for symptom relabelling. Twenty people in the psychosis group (24.4%) scored zero for insight relabelling, i.e. showing no capacity to identify psychotic symptoms as pathological (Fig. 1) . Further to the planned analysis, we considered that in terms of symptom relabelling ability, this subgroup of participants may more closely resemble people with neurological conditions experiencing anosognosia and that consequently more evidence of neuroanatomical and neuropsychological deficits would be found in this group. This prediction was based on the rationale that neurocognitive deficits would be most evident in indivdiuals where there appears to be no capacity to hold in mind, question and consider alternative (non-psychopathological) explanations for symptoms such as hallucinations and delusions. Thus we compared those participants with no symptom relabelling ability with those with at least some relabelling ability. The findings from the analyses of cognitive function supported this rationale. Whereas deficits were seen on tests of working memory, processing speed and verbal fluency, there was evidence of a reduction in general intellectual abilities in both the verbal but also non-verbal domains, the latter traditionally linked to right hemisphere functions.
In terms of brain structure we found significantly reduced global grey matter volume in the subgroup with no symptom relabelling ability. In the regional analysis we found reduced grey matter in the left posterior cingulate cyrus, the right precuneus and the cuneus, with the latter region emerging as a significant predictor of poor symptom relabelling in the regression analysis.
The finding in relation to the posterior cingulate gyrus is in line with a previous voxel-based morphometry study 10 that found a correlation between severity of lack of insight in schizophrenia and reduced left posterior cingulate gyrus volume at the same location (Brodmann 31). In another voxel-based morphometry analysis of people with schizphrenia, 11 left precuneus grey matter reductions were also shown to be associated with poor insight. Elsewhere, however, comparatively few studies have focused on the function and dysfunction of posterior medial cortices in general or in schizophrenia. However, of possible relevance to developing an understanding of the neuroanatomical substrates of insight, the precuneus has been shown to be involved in the representation (monitoring) of the world around us. 36 Dysfunction of the right parietal lobe has also been highlighted as underlying delusions of alien control through faulty self-monitoring 37 and
146 the condition of anosognosia. 38 Recent functional imaging studies have shown a consistent localisation of self-appraisal processes to the midline cortical structures (including the posterior cingulate gyrus) in healthy volunteers. 39 Consistent with this, the posterior cingulate gyrus was activated during self-appraisal in a study of elderly people with cognitive impairments. 40 We also found grey matter insula deficits to be associated with an absence of symptom relabelling. Although no previous insightbrain structure studies have reported insula abnormalities, findings from functional imaging studies suggest that the insula is involved in self-monitoring, 41 the ability to discriminate between other-person generated actions and self-generated actions 42 and in the mental representation of internal states, 42 all of which appear relevant to insight. In respect of temporal lobe-insight associations, reduced grey matter reductions have previously been shown to correlate with poor symptom relabelling (right superior temporal gyrus) and poor illness awareness (left-middle temporal region). 11 In our study, superior temporal gyrus grey matter deficits (left and right hemisphere) were also found in the subgroup with no symptom relabelling ability. Based on structural imaging findings the superior temporal gyrus has long been implicated in key psychotic symptoms, notably auditory hallucinations, 43 a phenomenon thought to involve defective monitoring and self-attribution of inner-speech. 44 This pattern of MRI abnormalities leads us to speculate that insight into psychosis involves midline cortical and right posterior hemisphere regions underlying illness awareness and self-appraisal processes in general, plus lateralised symptom-specific regions connected more directly to the origin of the symptoms themselves, i.e. superior temporal gyrus in relation to auditory hallucinations and parietal cortex in passivity. Such a model is similar to that advanced for anosognosia with general and symptom specific modules of awareness. 45 
Main findings
In this study of people with first-onset psychosis, performance on a range of cognitive tasks was impaired in those with poor symptom relabelling ability and poor global insight suggesting that a good level of general cognitive functioning is necessary for good insight into psychosis rather than a specific system such as one drawing on frontal-executive resources. In those with the lowest levels of symptom relabelling ability there was evidence of both global and regional cortical deficits. Our data point to a midline and right hemisphere cortical system, normally involved in self-appraisal, being implicated in symptom appraisal, with temporal and parietal regions also involved, perhaps reflecting symptom-specific elements of psychiatric insight.
Study limitations
The inclusion of additional neuropsychological tests more sensitive to disturbances in executive function (e.g. the Wisconsin Card Sorting Task) or those aimed at dissecting the cognitive processes underpinning self-appraisal would have been desirable and could potentially have shed more light on the complex relationship between neurocognition and the self-appraisal of symptoms. The study's findings are also limited by the fact that the association with symptom relabelling only emerged strongly when the phenomenon was considered categorically rather than as a dimension. From a diagnostic perspective it was not our primary concern to investigate whether mechanisms for insight into psychotic symptoms differ across conditions. Diagnostic status was however examined in the linear regression analysis and did not emerge as a significant factor in the associations found between symptom relabelling and the measures of regional grey matter and cognition. It would have been informative to also consider diagnostic status in the between-group analyses; however, the size of the group numbers do not provide sufficient statistical power to perform separate analyses based on diagnostic status. Our findings should therefore be regarded as tentative and as providing a basis for future investigations of insight in the psychoses. In this respect, a longitudinal analysis of both insight and neurocognitive status over time would be revealing given the cross-sectional nature of our study. Further evidence that neurocognitive deficits underpin the most severe incapacity to identifying psychotic states as pathological may be of importance clinically in setting a limit upon expectations for recovery.
